This study focused on the investigation of the anti-hyperglycaemic potentials of polyphenols extracted from fermented and unfermented Theobroma cacao seeds in Wistar rats with a view to investigating the use of cocoa tea in the management of hyperglycaemic conditions. Fresh seeds of cocoa were collected, divided into two groups, a group was sun dried immediately for 7 days and used as unfermented seeds. The other group was fermented traditionally for 5 days; sun dried for 7 days and used as fermented seeds. The seeds (fermented and unfermented) were then ground to powder. The aqueous extracts of the seeds (fermented and fermented) were prepared, phytochemically screened; polyphenols were extracted with 80% (v/v) acetone from both extracts and assayed for α-amylase and α-glucosidase activities. The polyphenols were termed fermented (FP) and unfermented (UP) respectively. Preliminary assays showed that the polyphenol of the fermented T. cacao seeds exhibited a higher α-amylase inhibitory potential of 99.25 ± 2.24 % at 400 µg/ ml (IC50 142.62 ± 6.03 µg/ ml) compared to the unfermented polyphenol 83.30 ± 6.25 % at 400 µg/ ml (IC50 188.56 ± 15.32 µg/ ml), as such FP was used for further studies. The effects of the fermented polyphenols (150 mg/kg bwt and 300 mg//kg bwt) on total cholesterol, triacylglycerols, and α-amylase and α-glucosidase activities were examined in diabetic and non-diabetic rats. The results of the findings revealed that 150 mg/kg bwt fermented polyphenol proved to be more potent and efficient in reducing the activities of the carbohydrate-degrading enzymes, thus more anti-hyperglycaemic.
INTRODUCTION
Diabetes mellitus (DM) is a heterogeneous metabolic disorder characterized by hyperglycaemia resulting from defective insulin secretion, resistance to insulin action or both (Gavin et al., 1997) . In diabetes mellitus, oxidative stress seems mainly to be due to an increased production of free radicals and/or a sharp reduction of antioxidant defences (Young et al., 1992; Thompson and Lee, 1993; Low et al., 1997) . Oxygen-derived free radicals have been implicated in the pathophysiology of various disease states, including diabetes mellitus (Giugliano et al., 1996) . It is well known that superoxide anion is the primary radical formed by the reduction of molecular oxygen that may lead to secondary radicals or reactive oxygen species (ROS) such as hydrogen peroxide and hydroxyl radical (Grisham and McCord, 1986) suggested to be involved in the pathogenesis and progression of diabetic tissue damage. On the other hand, there is evidence that diabetes induces changes in the activities of antioxidant enzymes in various tissues (Oberley, 1988) . Diabetes mellitus is characterized by increased generation of glycoxidation products associated with the advanced oxidative stress (Mullarkey et al., 1990) . The presence of higher glucose or glycated protein concentration enhances lipid peroxidation (Kawamura et al., 1994) and reversely, lipid peroxides may increase the extent of advanced glycation end-products (Hicks et al., 1989) . Hyperglycaemia is a widely known cause of enhanced plasma free radical concentrations. Free radical production caused by hyperglycaemia may occur via at least four different routes; namely (i) increased polyol/sorbitol pathway flux; (ii) increased intracellular formation of advanced glycation end-products (AGEs); (iii) increased flux through hexosamine pathway; and (iv) activation of protein kinase C (Hammes et al., 1997; Brownlee, 2001) .
Plant-derived polyphenols are historically a significant and natural constituent of the human diet. Diets rich in flavonoids (a class of polyphenols) have been associated with a reduced risk of cardiovascular disease (Zhu et al., 2002) . Generally, the consumption of cocoa powder (22 g daily in trials) or dark chocolate (16 g daily
Phytochemical Screening
Aqueous extracts of fermented and unfermented cocoa seeds were screened for the presence of secondary metabolites such as flavonoids, alkaloids, tannins, saponins, anthraquinones, terpenoids according to a procedure that was based on those of Oyedapo et al. (1999) , Trease and Evans (2002) and Sofowora (2006) .
Extraction of Polyphenol
The extraction of polyphenol from the defatted aqueous extracts of fermented and unfermented cocoa seeds was carried out according to the procedure described by Natsume et al. (2000) . The aqueous extracts of fermented (20 g) and unfermented (20 g) cacao seed were extracted 3 times with a 100-fold volume of 80 % (v/v) acetone at 25 ℃. The filtrates were concentrated on a rotatory evaporator under reduced pressure at 45 ℃ to yield a dry brownish residue which was termed "fermented polyphenol" (FP) and dark-brownish residue termed "unfermented polyphenol" (UP) extracts respectively. Phytochemical screening, thin layer chromatography (tlc), staining with specific detection reagent (methanolic AlCl 3 ) together with chemical tests with 2, 4 dinitrophenyl hydrazine revealed that 80% (v/v) fractions contained mainly polyphenol (Akinwunmi and Oyedapo, 2013) .
Assay of In vitro α-amylase Inhibition
Assay of α-amylase inhibition was carried out according to the method of Nickavar et al. (2008) . Typically, 1.0 ml of different concentrations of polyphenols from fermented and unfermented cocoa seeds (100, 200, 300, 400, 500 µg/ ml) were mixed with 1.0 ml of enzyme solution (0.001 g of α-amylase in 100 ml of 20 mM sodium phosphate buffer, pH 6.9, containing 6.7 mM NaCl) in a test tube and incubated for 30 min at 25 ℃. 1.0 ml of starch solution (0.25 g soluble potato starch in 50.0 ml glass distilled water) was mixed with 1.0 ml of this mixture and incubated at 25 ℃ for 3 min. 1.0 ml of the colour reagent [96 mM 3,5-dinitrosalicylic acid (20.0 ml), 5.31 M sodium potassium tartarate in 2 M NaOH (8.0 ml) and deionized water (2.0 ml)] was added. The tubes were tightly closed and placed into an 85 ℃ water bath. After 15 min., the reaction mixture was removed from the water bath, cooled and diluted with 9.0 ml distilled water. The intensity of blue colour was measured at 540 nm against the blank. Individual blank was prepared for correcting the background absorbance by adding the colour reagent solution prior to the addition of starch solution. Plant polyphenol was replaced with 1.0 ml distilled water for control. The inhibition percentage of α-amylase was calculated from the expression:
The I α-amylase % was plotted against the sample concentration and a logarithmic regression curve was established in order to calculate the IC 50 value.
Induction of Diabetes with Streptozotocin (STZ)
Diabetes was induced by a single intraperitoneal injection of 60 mg/kg bwt of streptozotocin in 0.1 M sodium citrate buffer, pH 4.5 to twenty overnight fasted rats of the total thirty-five rats. Diabetes was confirmed in animals after 48 hr of streptozotocin injection with a digital glucometer (Accu-chek® Advantage, Roche Diagnostic, Germany) and a compatible test strip, making use of blood samples from the tail vein of the rats. A blood glucose range of 200-300 mg/ dL was used for the experiment. The animals were allowed free access to food and water for 21 days after which all the thirty-five animals were divided into 7 groups of 5 animals (n = 5). Every treatment was given orally by gavage. The body weight and blood glucose concentrations of the animals were taken on a weekly basis throughout the experimental period. Animals were treated with the polyphenol from fermented cocoa seeds (FP) based on its higher activities over the unfermented from previous in vitro assays.
Animals were treated consistently (daily) and regularly for 21 days and observed for behavioral change(s) during experimental period. Glucose level and body weight of the experimental animals were determined on days 0, 7, 14 and 21 using a digital glucometer (Accu-chek® Advantage, Roche Diagnostic, Germany) and a compatible test strip.
Sacrifice of Animals and Collection of Tissues
On the 22nd day the animals were put to sleep by chloroform anaesthesia and cut open with clean sterile pair of scissors. The blood was collected by cardiac puncture into heparined tubes containing anticoagulant (3.8 % trisodium citrate). The livers were surgically removed and immediately perfused in heparinized saline (0.85 % NaCl), wrapped with foil paper and then stored frozen. Also, the pancreases were surgically removed and perfused in normal saline and kept in 10 % formal-saline for histopathological study.
Preparation of Blood Plasma and Liver Homogenates (Post mitochondrial Fractions)
The blood collected by cardiac puncture into heparinised tubes containing anticoagulant was centrifuged at 3000 rpm for 10 min. The preparation of blood plasma, erythrocytes and liver *homogenates was carried out as earlier reported (Olagunju et al., 2000; Oyedapo et al., 2004) . The plasma was collected and kept frozen for analyses (α-amylase and α-glucosidase assays, total protein, total cholesterol and triacylglycerols estimations).
Estimation of Plasma Total Cholesterol Concentration
The plasma total cholesterol estimation was carried out according to the method of Richmond (1973) and Roeschlau et al. (1974) using Randox Diagnostic kit. The plasma (10 µl) was mixed with 1.0 ml of reagent. Ten µl distilled water and standard cholesterol (195 mg/ dL) replaced the plasma for blank and standard respectively. This was mixed and incubated at 25 ℃ for 5 min. The absorbance was read at 500 nm within 60 min. against reagent blank.
Concentration of cholesterol in sample was calculated using the equation:
Estimation of Plasma Triacylglycerol Concentration
Plasma triaclyglycerol estimation was carried out according to the procedure described by Tietz (1990) using Randox Diagnostic kit. The plasma (10 µl) was mixed with 1.0 ml of reagent (one vial of R1b reconstituted with 15.0 ml of R1a). 10 µl distilled water and standard replaced the plasma for blank and standard respectively. This was mixed and incubated at 25 ℃ for 5 min. The absorbance was read at 546 nm within 60 min. against reagent blank.
Concentration of triacylglycerol in sample was calculated using the equation:
x Conc. of standard (196 mg/ dL).
Assay of Alpha-amylase Activity
Alpha-amylase activity was assayed according to the method of Bernfeld (1951) as reported by Katoh et al. (1997) . The reducing groups released from starch were measured by the reduction of 3,5-dinitrosalicylic acid. One unit of enzyme releases from soluble starch one micromole of reducing groups (calculated as maltose) per minute at 25 ℃ and pH 6.9 under the specified conditions. 50 µl starch solution (at 25 ℃) was added to 50 µl of plasma and incubated at room temperature for 3 min. 100 µl dinitrosalicylic acid colour reagent was added and incubated in a boiling water bath for 5 min. This was cooled to room temperature and 1.0 ml distilled water was added. The absorbance was read at 540 nm against the blank. The amount of maltose released was obtained from standard calibration curve.
Enzyme units/mg = ୫୧ୡ୰୭୫୭୪ୣୱ ୫ୟ୪୲୭ୱୣ ୰ୣ୪ୣୟୱୣୢ ୫ ୭ ୣ୬୶୷୫ୣ ୧୬ ୰ୣୟୡ୲୧୭୬ ୶ ଷ ୫୧୬
Assay of Alpha-glucosidase Activity
The alpha-glucosidase assay was carried out according to the method of Whitson et al. (2010) . Typically, plasma (20 µl) was mixed with 500 µl of 67 mM phosphate buffer, pH 6.8 and 20 µl GSH (3 mM). The reaction mixture was allowed to equilibrate at room temperature followed by the addition of 50 µl p-nitrophenyl-α-Dglucopyranoside (10 mM pNPG). This was mixed and incubated at 37 ℃ for 20 min. 200 µl of the mixture was added to 800 µl Na 2 CO 3 . The absorbance of the mixture was read at 400 nm against the blank. The activity of the enzyme was calculated from the expression: 
Statistical Analysis
The results were expressed as Mean ± SEM, n = 3 readings for in vitro, n = 5 rats for in vivo. Differences between mean values of control and treated were determined by One-way ANOVA followed by Tukey multiple comparison test using GraphPad Prism 5. Differences were considered to be significant at P<0.05.
RESULTS AND DISCUSSION
In this present study, the following symptoms were observed in diabetic rats: polyuria (excessive urination), loss of weight, polydipsia (excessive thirst), and weakness, formation of cataracts on the eyes of diabetic rats, polyphagia (excessive hunger), scattered fur and prolonged healing. It was observed that the wounds on the tails of diabetic rats did not heal up while the wounds of non-diabetic rats healed up before subsequent week. In Plates 1a and 1b are the photographs of non-diabetic rat and diabetic rats, showing that the rats were truly diabetic before the commencement of the treatment with the polyphenols.
In Table 1 is the summary of the phytochemical constituents in the aqueous extracts of fermented and unfermented T. cacao seeds. It was observed that both extracts contained the same phytochemicals which included tannins, saponins, flavonoids, anthraquinones amongst other phytochemicals. A variety of polyphenols have been shown to inhibit α-amylase and α-glucosidase activities in vitro. The inhibitory polyphenols include flavonoids (anthocyanins, catechins, flavanones, flavonols, flavones and isoflavones), phenolic acids and tannins (proanthocyanidins and ellagitannins). Insulin secretion by the pancreas involves numerous reactions which are potential targets for the action of polyphenols (Kim et al., 2000; Iwai et al., 2006; Tadera et al., 2006) . Studies have implicated phytochemicals (flavonoids, sterols, terpenes and tannins) in the management of diabetic and inflammatory disorders (Mohamed, 2008; 2013) . Moreover, ethanolic extracts of Blighia sapida (Kazeem et al., 2013) , Desmodium pulchellum barks (Noor et al., 2013) as well as polyherbal combinations of certain medicinal plants (Patil et al., 2012; Marles and Farnsworth, 1995) have been demonstrated to exhibit potent and appreciable hypoglycaemic activities in experimental animals. Each value represented the Mean ± SEM of n = 3 readings.
Naturally occuring α-amylase and α-glucosidase inhibitors from food-grade plant sources offer an attractive therapeutic approach to the treatment of post-prandial hyperglycaemia by decreasing glucose release from starch and delaying carbohydrate absorption by inhibiting the activity of the carbohydrate hydrolysing enzymes in the small intestine and may have potential for use in the treatment of diabetes mellitus and obesity. On the basis of the prevalence, the delay or inhibition of carbohydrate digestion would contribute to optimize a post-prandial blood glucose level (Gallaher and Schneeman, 1986; Murai et al., 2002; Chiasson et al., 2002) . In Fig 1. 0 is the summary of in vitro α-amylase inhibitory activity of the fermented and unfermented T. cacao polyphenol. It was observed that the polyphenols (fermented and unfermented) demonstrated an appreciable α-amylase inhibitory activity and was concentration-dependent. Moreover, the extracts exhibited low IC 50 values which is an indication of their effectiveness as α-amylase inhibitors with the fermented polyphenol exerted better activity (142.62 ± 6.03 µg/ ml against 188.56 ± 15.32 µg/ ml) as shown in Table 2 -the lower the IC 50 of a compound, the more effective or potent it is. In Table 3 is the summary of variations in body weight of experimental animals in the course of the experiment. The normal control group had increase in weight from 132.30 ± 3.30 g (day 0) to 147.52 ± 6.16 g (week 6), an increase of about 11.50 %. On administration of extracts to the diabetic and non-diabetic groups in the third week, only the 300 mg/ kg FP non-diabetic dosing group and 2 mg/ kg glimepiride diabetic dosing groups had significant increase in weight (15.43 % and 15.27 % respectively).
100.000
200.000 300.000 400.000 500.000 0 50 100
150

Fermented Polyphenol Unfermented Polyphenol
Concentration (µ µ µ µg/ml) Each value represented the Mean ± SEM of n = 5 rats.
P e r c e n t a g e In h i b i t i o n
Group I: Normal rats received only distilled water (General control), Group II: Normal rats administered with 150 mg/kg (bwt) FP, Group III: Normal rats administered with 300 mg/kg (bwt) FP, Group IV: Untreated diabetic rats (Diabetic control), Group V: Diabetic rats administered with 150 mg/kg (bwt) FP, Group VI: Diabetic rats administered with 300 mg/kg (bwt) FP, Group VII: Diabetic rats administered with 2 mg/kg (bwt) glimepiride (Positive control).
The increase in blood glucose concentration observed in all rats after a single intraperitoneal injection of 60 mg/ kg bwt streptozotocin confirmed the induction of diabetes in the rats. The diabetic rats treated with acetone extracts of fermented T. cacao seeds (150 mg/ kg bwt and 300 mg/ kg bwt) and standard glimepiride (2 mg/ kg bwt) responded positively to treatment. During the period of treatment, marked reduction in blood glucose concentrations was recorded for all treated diabetic animals. The treatment of diabetic rats with 150 mg/ kg FP and 300 mg/ kg FP resulted in a decrease in blood glucose concentration by 8.11 % and 9.13 % respectively. The diabetic rats treated with standard 2 mg/ kg glimepiride had the highest decrease of 17.32 % (Table 4) . The anti-diabetic potentials of acetone extract of fermented T. cacao seeds could be attributable to the presence of flavonoids which are common in plants with known hypoglycaemic effect (Szkudelski, 2001) . Lipids play important role in pathogenesis of diabetes mellitus. Lipid abnormalities accompanying with atherosclerosis is the major cause of cardiovascular disease in diabetes. Therefore ideal treatment of diabetes, in addition to glycaemic control, should have a favourable effect on lipid profiles. The high levels of total cholesterol (TC) and low-density lipoprotein (LDL) are major coronary risk factors (Temme et al., 2002) . Further, studies suggested that triacylglycerols (TG) itself is independently related to coronary heart disease (Bainton et al., 1992; El-harzmi and Warsy, 2001 ). The abnormalities in lipid metabolism could lead to elevation in the levels of plasma lipid and lipoprotein that in turn play an important role in occurrence of premature and severe atherosclerosis, which affects patients with diabetes (Ravi et al., 2005) . Hence, measurements of biochemical parameters are necessary to prevent cardiac complications in diabetes condition. In this study, treatment with different concentrations (150 mg/ kg and 300 mg/ kg) of FP showed significant reduction in TG level in the plasma of diabetic and non-diabetic rats. The standard glimepiride drug did not show significant decrease in TG level in the rat plasma. There was significant reduction in TC level in the serum of non-diabetic rats but no significant reduction was observed in the plasma of treated diabetic rats with the extracts and standard drug (Table 5) . Studies have demonstrated that diabetes mellitus is accompanied by hyperglycaemia, hypercholesterolemic and hypertriacylglycemic conditions as a result of dysfunction of islet of Langerhans of the pancreas which is responsible for the production/secretion of insulin (Misra, 2009). 25 -8.11 -9.13 -17.32 Each value represented Mean ± SEM of n = 5 rats.
Group I: Normal rats received only distilled water (General control), Group II: Normal rats administered with 150 mg/kg (bwt) FP, Group III: Normal rats administered with 300 mg/kg (bwt) FP, Group IV: Untreated diabetic rats (Diabetic control), Group V: Diabetic rats administered with 150 mg/kg (bwt) FP, Group VI: Diabetic rats administered with 300 mg/kg (bwt) FP, Group VII: Diabetic rats administered with 2 mg/kg (bwt) glimepiride (Positive control). Non-diabetic treated groups are compared with normal control and diabetic treated groups are compared with diabetic control. The values with asterisk (*) are statistically significant at P<0.05. Group I: Normal rats received only distilled water (General control), Group II: Normal rats administered with 150 mg/ kg (bwt) FP, Group III: Normal rats administered with 300 mg/ kg (bwt) FP, Group IV: Untreated diabetic rats (Diabetic control), Group V: Diabetic rats administered with 150 mg/ kg (bwt) FP, Group VI: Diabetic rats administered with 300 mg/ kg (bwt) FP, Group VII: Diabetic rats administered with 2 mg/ kg (bwt) glimepiride (Positive control).
One of the therapeutic approaches for type 2 diabetes is to reduce the postprandial hyperglycaemia. Alpha amylase is an enzyme involved in the metabolism of carbohydrates. The enzyme degrades complex dietary carbohydrates to oligosaccharides and disaccharides which are ultimately converted into monosaccharide by α-glucosidase. The liberated glucose is then absorbed by the gut and results in postprandial hyperglycaemia. Inhibition of alpha amylase limits postprandial glucose levels by delaying the process of carbohydrate hydrolysis and absorption (David and Bell, 2004) . Results from in vivo α-amylase and α-glucosidase assays in rats' plasma of treated groups revealed about 3 fold decrease in the activity of α-amylase in the diabetic rats treated with the extract and about 2 fold decrease in the activity of α-glucosidase in the treated diabetic rats (Table 6 ). Non-diabetic treated groups are compared with normal control and diabetic treated groups are compared with diabetic control. The values with asterisk (*) are statistically significant at P<0.05. Group I: Normal rats received only distilled water (General control), Group II: Normal rats administered with 150 mg/ kg (bwt) FP, Group III: Normal rats administered with 300 mg/ kg (bwt) FP, Group IV: Untreated diabetic rats (Diabetic control), Group V: Diabetic rats administered with 150 mg/ kg (bwt) FP, Group VI: Diabetic rats administered with 300 mg/ kg (bwt) FP, Group VII: Diabetic rats administered with 2 mg/ kg (bwt) glimepiride (Positive control).
The pancreas is composed of clusters (acini) of cells (exocrine/parenchyma) that secret pancreatic juice. This contains a number of enzymes concerned in digestion. Interspersed among the acini are the islets of Langerhans (endocrine) which are isolated groups of cells that secrete the hormones glucagon (α-cells), insulin (β-cells), somatostatin and pancreatic polypeptide (δ-cells) into the bloodstream. Histological examination of pancreatic section showed normal arrangement of the islets of Langerhans of various sizes scattered throughout the exocrine (parenchyma) tissues of normal control and treated non-diabetic dosing groups. However, degenerated islet of Langerhans, atrophy and vacuolation and invasion of connective tissues in parenchyma of pancreatic islets were detected in diabetic control. These abnormalities have been corrected in 150 mg/ kg FP treated group and a sign of recovery was observed in the 300 mg/ kg FP treated group. The standard drug dosing group on the other hand did not reveal much difference from the diabetic control. The effect of flavonoids on pancreatic β-cells leading to their proliferation and secretion of more insulin have been proposed by Mahes and Menon (2004) and Sri-Balasubashini et al. (2004) as the mechanism by which they reduced hyperglycaemia caused by streptzotocin in diabetic rats.
In conclusion, the polyphenols of fermented cocoa seeds are excellent inhibitors of α-amylase and α-glucosidase enzymes (two major carbohydrate-degrading enzymes) that determine the concentration of postprandial glucose, thus good candidate as anti-diabetic drug.
